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„(!') We. STANDARD TELE- 
PH9NES AND CABLES LIMITED, a 
British Company: of !90 Strand, London, 
. w.CZ,. England, do hereby declare the 
invention.- for which we pray that a patent 
may be granted to us, and the method by 
which jl is to be performed, to be par- 
. ticularly described . in and by the following 
statement: — . *" 
"This invention relates to the manufacture 
of - optical fibre transformation sections 
comprising lengths of optical fibre, the two 
ends of such a length having core cross 
sections which differ either in size or shape 
or uj, size and shape. 

In the design of optical transmission 
systems ti is olten necessary to provide a 
large number of couplings between pairs of 
optical ftbres or between optical fibres and 
other optical components such as sources 
and detectors. Some of these couplings are 
liable to require the use of- an optical fibre 
transformation section for redistributing the 
optical energy across the optical wavefront 
leaving one of ihe optical component in 
«fk ^ u . m ? lcn U for launching into the 
outer. This invention is Concerned with the 
manufacture of such .transformation sec- 
lions repeatably and rcproduceably in 
quantity.. r . 

According 40 the invention there is pro- 
vided a method of making optical fibre 
transformation sections including the steps 
of forming an optical fibre preform whose 
core has longitudinal periodic structure in 
its refractive index profile, of drawing the 
dow n "o reduce its cross-section 

? art - a £ C . he drawn P«- f orm at in- 
tcrvals along its length to produce optical 
11 ore transformation sec/ions the two ends 

whiLh C 5 r? f w V, ch ?" ve core croas sections 
wn ch differ either ir, size or shape, or ia size 
anu shape. 

rt^- DMrtlb , er ot "»<f'hods of malting optical 
Jiore transformation sections embodying the 
indention in preferred forms will now be 
described w ::h reference to the accompany- 
ing Drawings in whicn:— V 3 

orellZV \ a '. l '°\ Xc ' irf a " d 2 depict 
preforms of orcular cross section ma.'- 



rrom nesting alternately higher and lower 
refractive index components fitted in a tube 
Figures 3a. 3b and 3c depict preforms 
whose cores are made from spheres f itted in 
a tube. 

■Figures Sa % 56, and Sc depict preforms of 
rectangular cross sections, 

Figure S<f depicts a single optical fibre 
transformation section of rectangular C fov 
section, 

Figtire S« depicts the transformation 
section of Figure Sd after its crocs-scctional 
shape has been converted from rectangular 
to circular. ■ . 

Figure 6 depicts a preform whose core has 
been created by ion exchange or irradiation. 
Figure -la depicts an alternative con- 
struction of preform tyhose core has been 
creeled by ton exchange. 

Figure lb depicts a component par: of the-' 
preform of Figure 7a, and 

Figured 8a and 86 deoict alternative 
arrangements of a double bushing from 
which may be drawn optical fibres or fibre 
preform* having a longitudinal periodic 
structure in their core profiles. 

The first method to be described of 
making optical fibre transformation sections 
invtrtves forming a preform comprising a 
stacic of nestw* alternately higher and lov/c-r 
.nrfractive incex «laj* components in the 
bore of a Jow~r refractive ir>des glass tube. 
Figures la, 16. lc and id illustrate four 
different geometries of stacking com- 
ponents. Hie higher and lower refractive 
xn &*\ components, which are designated A 
and B respectively, are stacked in a* Cube C 
made or the lover refractive indeii material 
The stacking element ere al! solids of 
revolution to provide circular symmetry. 

The requisite dimensions of the sracking 
elements can be readily obtained 
remembering that during a .drawing down 
operation the volume remain?; unchanf/rd 
and hence the product of rl lc cni :2r: ui'l?- 
bore diameter d and ihe m ae ki nVd'emrn i 7n - 
tcn-al / is invariant. Thus, for instance. \! thn 
oraun fihrr is 10 have a core diameter of 100 \D0 
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Mm and a periodicity of 100 mm. the initial 
interval i of the preform would be 1 rem foi 
a 1 mm diameter bor;., 100 Mm for a 3 mm 
diameter bore, and so on. 

.The assembly af .ths stsck of elements 
•nsiue the lube C is heated and drawn usine 
conventional rod-in-tube optical fibre 
drawing techniques. It may be noted that 
this drawing down is liable to trap a 
relatively large number scattering centres at 
the interfaces between components. This 

l^^? UCe . tt . ll P nualions of Ihe ord *> of 
ipoo dB/km which would normally be quite 

unacceptable for a long distance trans- 
mission, medium but can be tolerated Li. 
short length fibre tnnsformsiici. iectiens ;».t 
fibre* 1 ° r 3 h,8h transmis;5 i v > l y optical 
The positions H t vhich ihr ■ dra^n fibre 
needs to be parted is deiermined"by\isYal 
inspection. Inspection may be facilitated by 
immersing the drawn fibre in an index- 
matching liquid. ' . 

• With the stacking arrangements of Figure 
I the ratio of the core cross-sec n'ons at the 
two ends of a transformation section is a 
function of its length. For some applications 
it is desirable to make this cross-section 
ratio a constant over a small range of 
lengths. This may be achieved by adopting 
the structure of Figure 2. In this structure 
Ihe higher and lower refractive index 
stacking components A and B' are short 
tubes assembled on a rod E made of the 
higher refractive, index materia! inside the 
tube C made of the lower refractive index 
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material. The higher and lower refractiv 
index stacking components A and B are 
made .rom materials that vrill readily inter- 
diffuse. The assembly is fused together and 
drawn dow n i n the same w £ - °< th~ 
assemblies of Figure I-. In the drawn fibre 
.there will not be abrupt changes in effective 
core diameter 1 - because of the effects of 
interdiffusion in the axial direction between 
adjacent stacking elements. There • will 
however be substantial regions" between 
successive interdiffusion zones *here the 
eitective core diameter remains sensibly 
constant.. ' 

t-t^J 3 P? 1 necessary for the tube C to be 
filleiwjil^aixjg^^ 

• ong_as.Rir d oes not bec ome u^ppea~wlTen 
t he a ^mublv isfusedlo - pSTf i^r A p,H j „ 1l t a -. - 
simpic construction of slack is illustrated in 
Figure 3. Here the stack is formed ex- 
clusively of ihe higher refractive moer 
elements. .which in this instance arc spheres 
in ihe course of drawing these spheres 
become converted into prolate spheroids G 
as depicted in Figure 3b. As an alternative to 
Iirst forming ihe stack of spheres and then 
collapsing the tube aroud them, the spheres 
wc cropped into the tube or.e at a tira-i 



m i« is being collapsed « 3nov , n in FigUrc 

. Another type of transformation section 
involves 3n equal area transformation i r 

section may have a high refractive todac 
mater al formed from a single rod or aJ 
assembly of fibre* as deplete! j„ Figure 2 
lLi b - Thc , bundle ot fi&a. which may £ 
clad or unclad, is giver, i ,erioclic structure 
in us shaping, for fnsl.nce by laying up J J 
J«g or by drawing thc bundle Srfugh ipl 
paratus wh.ch deforms ihe . bundle £, 
squashmg i, at periodic internal! The 
bv hSi C , sha ,P :?, S i3 retained with adhesive or 
by hea: treatment to fuse the fibres together 
The structure i* then potted in a^oweP 
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«r «s placed in the bc.r e 0 r a 



cladding tube of such material which is 
heated and collapsed around the structure 
Jo form a preform. Tiae preform is drawn 

S« ^"L IDfo - a ?P- r °P™"= .Jsngths as 
described previously. The cutting into 
lengths is facilitated if the initial lay in- 
corporates a dwell region of constant cross- 
sectional configuration at the regions where 
the. cats ans to be made. . 

Figures Sa, So and 5c depict examples of 
preforms which may be employed to mate 
prismatic transformation sections instead 
^ n=s hav »ng circular symmetry. 
Tiie pfciofnis of Figures 5a and bb 
correspond to those of Figures la and 1c 
respectr-s.y. sad sre assembled by form in P 

elemt, ti- 0, l hCr ^active inde.t prismaSI 
elements A w,th intervening lower 
refractive indxex ones B. The sheath H 
surrounding the stack is a squeire section 
tube whose walls may be contents. wWch 
are fused together at the ssmc tame as the 
elements of the stack are fused together 
..J 11 * P«form of Figure 5c is formed in a 
different way. .A set of ribs is .ruled etched 
or pressed in the central region of one maior 

SI S!5 a .° XK Stri . P i ° f l0 - Wcr "fmctive indei 
ti. n J?. m J hc . Inde n"*tions so formed ar- 
then fil.ed with a higher refrastive in. ley 
glass Kwhien is either poured on or asaUM 

•r" , J onT, . o£ |V:r wnich " subsequent 
lused. The higher refractive index glass K is 
next covered with a lower refractive inde* 
layerL. and then the ass<rrnblyis drawn down 
and cut into lengths. The c row-sec Uonal 
snape of a transformation section can be 
maintained as rep resented. in Figure Sd or it 
can be circularised as. represented in Figure 
>e. (For illusirativr convenience only these 
transformation sections have been depi-ted 
&s bent round in a semicircle.) 

A form of transformation section similar 
in shapt in that of Figure Sd can also bs 
formed in sets, by drawing down aj<^ cu:iiti£ 
:r.;;> lengths « prcfv.rm ui the type dcrpicied 
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in Figure b. Here the surface of sheet of 
lower refractive index gloss»M U marked and 
(hen* apertures are opened m lhc masking 
to expose underlying regions N which are 
5 convened (o higher refractive index regions 
P by irradiation or en ion exchange reaction; 
The preform is completed by fusing . a 
second lowjer refractive indea sheet Q to the 
top surface of the. first one. 
10 Selective masking R and Ihen irradiation 
or ion exchange can also be used to create 
higher refractive index zones S iri glass discs 
T (Figure 7a), The masking is removed, next 
the disc assembled in a low refractive index 
15 lube C (Figure lb), and then the assembly is . 
fused together to form a preform which can 
be subsequently drawn down and cut into 
app/opriale lengths, 

A further method cf making cp;icai fibre 
20 transformation sections" will now be 
described with reference to Figures &x and 
86. An inner bushing U containing a mclf of 
higher refractive index core glass V is 



-..a..**, iwuowu^ nmcA i;vrc glass v is 
located centrally in an outer bushing YV 
25 containing a melt of SoVer refractive index 
cladding glass X. The core/cladding 
diameter ratio of fibre drawn from ihe 
bushings depends upon the relative 
positions of the two nozzles Y and 2 and 
30 upon the hydrostatic pressure and resistance 
to flow at these nozzles! Accordingly an 
optical fibre can be made with a periodic 
structure in its core/ciadding diameter ratio 
by cyclically varying the relative pressure 
35 applied to the surface of the two melts V 
and X. . 

When the two. nozzles are level, as 
depicted in Figure 8a and the inner melt V 
is subjected to variations in applied pressure 
40 the total glass flow follows the variations in 
: . . pressure with the • result that external 
diameter of the drawn fibre fluctuates. 
When ihe inner nozzle Y is retracted, as 
depicred i n Figure 86 the total glass now is 
45 controlled by the now' resistance of the 
outer nozzle and is relatively insensitive to 
the core glass pressure provided t her the 
- viscosities of the two glasses are similar. 
. Un def these circumstances therefore it is 
; 50 possible to vary cyclically the pressure 
applied to the inner melt V to produce a 
nbrr with a periodic structure in its corr' 
diameter, while retaining a substantially 
uniform external diameter of the cjadding. 
55 The cutunc of the fibre into lengths 
corresponding co individual transformation 
sections may conveniently be synchronised 
the means controlling rhc pressure 

^ Cy SL < lr ap J? , i?, d l ° lhC COrC g' 35 * mclL 

• 60 WHAT WE CLAIM ISi— 

1- A method of making optical fibre 
transformation sections including the steps 
.of forming an optical fibre preform whose 
core has a longitudinal periodic structure in 
M us refractive index profile, of drawing the 



preform down to reduce its cross-section 
and of parting the drawn preform at in- 
tervals along its length to produce oprical 
fibre transformation sections the two ends 

°u- C w C ?-« f ** ich N* ve core crosa sections 70 
\vh:ch ( differ cither m size or shape, or in size: 
and shape. 

2. A method as claimed in claim 1 wherein 
the preform core is made by fusing togtsther 

a stack of higher refractive index com- 75 
ponents nested wi;h other components of 
Jower refractive index. 7 

3. A method as claimed in claim 2 wherein 
said components have circular symmetry. 

4. A method as claimed in ewim 2 wherein SO 
components are prismatic. " . . ' 

5. A method as claimed in claim 1 when 
the preform core " 
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is made by fusing together 
en is selected pcruonu of 



which have had their refractive- index 85 
modified by irradiation or ion exchange. 

f>. A method as claimed in claim 1 wherein 
the preform core is* formed by forming a 
stack of higher refractive index components 
in a sheath of lower refractive index and 90 
wherein ihe sheath is collapsed around the 
components'and fused thereto. 

7. A method as claimed in claim 1 wherein 
the preform core is formed by drawing down 
and collapsing the bore of a lov/er refractive 95 
index tube while introducing higher 
refractive index components into the bore at 
regular intervals. 

8. A method as claimed in claim 1 wh^tfp . 
the preform core is made from a higher ICG 
retractive index rod which is deformed at 

. regular - intervals al^ng its length and 
wherein a Sower refractive index tube is 
collapsed around the deformed rod and 
fused ihereto. 10 s 

9. A method as claimed in claim 1 wherein 
the preform core is made from a plurality of 
higher refrac*;ve index fibres which are laid 
up in a lay which changes repetitively 
between two different cross-sectional no 
configurations, wherein the lay con- 
figuration of the fibres is secured by bonding 
them . together and . wherein a lower 
re'raci! ye index lube L collapsed abound the 
bonded fibres, aod fused thereto. * ~ 115 

10. A method as claimed in claim 1 
wherein the preform core is made by for- 
ming a periodic indentation pattern in one 
surface of a lower refractive index strip, by 
filling said indentations *4th a higltcr 120 
refractive index material and then covering 

the fiiled indentations wiih a second lower 
refractive index strip. 

A method .as claimed in claim 1 
wherein the preform core is made by 1 25 
selective masking one surface of a gloss strip 
treating the unmasked portions of the strip 
by ion exchange or irradiation 50 ft* to in- 
crease the refractive index of those portions, 
and wherein (he portions of increased 1 JO 
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refractive index are covered with r* second' wherein m- - . , L — ~ — ~ S. 



$6- > ? . the pressure spplied to the"- outer 

: £ • T «»ell u.not-viried; . .-v:. * 

y . c " •" A method aa>Iaiaied in claiml 1* or 12 > 

t.i -.--X^' ' ' • ' f*toted for Her Maleatv'a St&llnnerv nm,-„ 
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Chartered Patent Agent. 
• • For the Applicants. •.. ■ 
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